, as yet there are only limited data available on independent predictors of pneumonia in acute stroke patients 8, 9 treated in the emergency unit. The identification of early predictors is of paramount importance for clinicians, so that specific therapies and management strategies can be applied to patients at high risk of dying.
In the present study the objective was to evaluate risk factors and comorbid conditions associated with the diagnosis of pneumonia and to determine the independent predictors of pneumonia in patients with acute stroke.
METHOD

Study population
This is an exploratory, retrospective cohort study. All patients admitted from July to December 2011 with a diagnosis of stroke in an Emergency Unit of an Academic Medical Center were included. Some patients were transferred to the intensive care unit or neurology ward, depending on the severity and availability of the wards. The diagnosis of stroke was based on clinical characteristics and imaging studies. Patients with symptoms that had completely resolved within 24 hours were excluded as well as those with subarachnoid hemorrhage and secondary intracerebral hemorrhage.
The study was approved by the Committee on Ethics of the Faculty of Medical Sciences at the Universidade Estadual de Campinas in accordance with the Regional Health Counsel's resolution 196/96 (Protocol 1038/2011).
Data collection
We review all the medical charts and extracted information using a structured questionnaire. The questionnaire included demographics (age, sex, discharge destination), vascular risk factors (hypertension, diabetes, dyslipidemia, smoking, alcohol, previous vascular disease, with coronary artery disease and atrial fibrillation). Stroke severity was assessed on admission using the National Institute of Health Stroke Scale (NIHSS) 10 and level of consciousness was assessed using the Glasgow Coma Score (GCS) scale 11 , type (ischemic vs. hemorrhagic) and localization of stroke (anterior vs. posterior circulation); use of thrombolytic therapy; and time use of mechanical ventilation were also collected.
Pneumonia was diagnosed based on clinical, laboratory and radiological data by the treating physician and registered on the medical chart.
Statistical analysis
Categorical variables are expressed as proportions and continuous variables are expressed as mean ± standard deviation (SD) and median (IQR). Univariable analysis comparing demographics, vascular risk factors, stroke severity, level of consciousness, type of stroke, localization, use of thrombolytic and use of mechanical ventilation between patients with and without a diagnosis of pneumonia was performed. Proportions were analyzed with the Fisher's exact test. Continuous variables were analyzed with the ManWhitney U test. Variables selected a priori (age, sex, NIHSS, type of stroke) and those with p-value < 0.1 in the bivariate analysis were included in a logistic regression model to assess the independent predictors for a diagnosis of pneumonia. All p-values are double-sided, and the level of statistical significance was set at p < 0.05. All statistical analyses were performed with SPSS 20.0 for Windows.
RESULTS
Study population and stroke characteristics
A total of 159 patients (92 men and 67 women, mean age 63.4 ± 13.4 years) with acute stroke were included. Most patients were discharged home (115, 72.3%), and others died (25, 15 .7%) or were transferred to other hospital (19, 11.9%) . Ischemic and hemorrhagic stroke were diagnosed in (129, 81.1%) and (30, 18 .9%) patients, respectively. Anterior circulation stroke was documented in (132, 83.01%) patients, followed by posterior circulation (27, 16 .9%). The location of the lesion was left hemisphere (80, 50.3%) patients; in (64, 40.3%) was right hemisphere and (14, 8.9%) was posterior circulation. Thrombolytic therapy was administered in (29, 18 .2%) patients. Pneumonia was diagnosed in (51, 32%) of the patients. Table 1 represents baseline characteristics in patients with and without pneumonia. No significant differences were observed regarding demographic data, site and localization of stroke or use of the thrombolytic therapy. Higher rate of pneumonia was observed among patients with hemorrhagic stroke (odds ratio (OR): 4.36, 95%CI: 1.9-10.0). Table 2 shows the frequency of pneumonia in stroke patients adjusted by age, NIHSS, Glasgow Coma Score, length of stay in hospital and time use of mechanical ventilation (in days). Pneumonia was most common in those with higher NIHSS (p = 0.047) and lower Glasgow Coma Score (p < 0.0001).
Main outcome measures
Patients with longer hospital stay more frequently developed pneumonia, the mean hospital stay length was 13.4 days compared with 5.2 days in group without pneumonia (p < 0.0001).
Predictors of stroke-associated pneumonia
In the multivariable analysis the NIHSS was the only factor associated (p = 0.002) with pneumonia (Table 3) . Ages, gender, type of stroke were not associated with pneumonia.
DISCUSSION
In this study, pneumonia frequency was higher in patients with hemorrhagic stroke, more common in those with higher NIHSS and lower GCS scores. Patients with longer hospital stay more frequently developed pneumonia. Logistic regression analysis identified only the NIHSS as an independent predictor of pneumonia.
A variety of neurological and medical complications may occur post-stroke, such as pneumonia, urinary tract infections, malnutrition or volume depletion. Many of those complications are potentially preventable with the improvement of stroke care. This is best done in a dedicated stroke unit with experienced staff and early mobilization 12, 13, 14 . Pneumonia is the leading cause of death in the post-acute phase of stroke 6 . The majority of the pneumonias are caused by aspiration but there are other reasons that include hypostatic pneumonia due to poor caring and immobilization. Frequent changes of the patient position in bed and pulmonary physical therapy may prevent this type of infection 14 . Thus, a better understanding of the risk factors and comorbid conditions may guide the implementation of strategies in organized stroke care provision 15 . Chen et al. 16 referred that ischemic stroke could be a predictor for the lower occurrence of general infections in all stroke patients, based on findings showing that hemorrhagic stroke patients showed a higher frequency of general infections. Our cohort showed the relationship between pneumonia and hemorrhagic stroke, probably because these patients had more complications during the hospitalization and more deaths than ischemic group. Some studies have demonstrated that complications such as stroke progression or pneumonia adversely affect clinical outcome 6, 17 . Increase risk of poor outcome in patients with pneumonia, if unadjusted, reflects not only the effect of pneumonia but the effect of other factors predisposing them to pneumonia, such as initial stroke severity or neurological complications. Ifejika-Jones et al. 18 showed the correlation between aspiration pneumonia and NIHSS, where they were more likely to require continued postacute stroke care because the lower functional status. In the actual study, it was found the relation among pneumonia and NIHSS and GCS severity. In this case, inpatients in the acute phase are more likely to develop pneumonia when they have worse consciousness level and neurological deficits. Patients with the greatest degree of impairment experienced complications most frequently.
There was a relationship between pneumonia and hospitalization time, as expected and previously shown by Chen et al. 16 . Kwan and Hand 19 reported that post-stroke infection could prolong the length of stay of patients, in the acute stroke stage. The length of stay in hospital has been influenced by the hospitals' characteristics and the organization of services within the hospital. We can't assert that the incidence of pneumonia might be the cause of the increase in length of stay in the emergency unit. However, the pneumonia group remained more time hospitalized, with an average of 13 days in the hospital compared to 5 days in the group without pneumonia. Moreover, the highest length of stay in hospital will influence the total financial costs. The marginal cost of pneumonia is up to three times higher than the group without pneumonia 20 . The pneumonia and stay in intensive care unit are independent predictors of acute treatment costs in Brazil hospitals 21 . Stroke severity on admission is a well-known predictor of mortality 8, 9 , but not as a predictor of pneumonia. Ruijun et al.
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showed that age, atrial fibrillation, congestive heart failure, chronic obstructive pulmonary disease and current smoking, prestroke dependence, dysphagia, admission NIHSS and GCS scores, stroke subtype and blood glucose were independent predictors of pneumonia in ischemic stroke. Finlayson et al. 23 indicated that male sex, nonlacunar ischemic stroke, and preadmission dependency were predictors too.
Our study evaluated the predictors of pneumonia in ischemic and hemorrhagic acute stroke. After the adjustment for possible confounders, the NIHSS score was only an independent predictor of pneumonia, despite the small sample size and the reduced collection time of only 5 months. This predictor can help in the recognition of neurological impairment, including motor, sensory deficit, and aphasias. Furthermore, aspiration is frequently found in patients with reduced consciousness, impaired gag reflexes or swallowing disturbances 24 . The use of NIHSS scale could help alert the physicians to prevent pneumonia in those with increased suspicious.
Thus, it is possible an early intervention, adopting measures such as early mobilization, evaluation of swallowing and respiratory function in patients with suspect or confirmed pneumonia 25, 26 . Prevention and early rehabilitation may decrease the risk of complications, reducing mortality and improving prognosis after acute ischemic stroke 27, 28 .
Our study further provides the differential to assess the impact of pneumonia, on the clinical outcome, after stroke, in emergency unit. We believe that the high incidence of pneumonia in this study could happen because of the lack of a specialized and trained stroke unit, where there are joint interventions of the multidisciplinary team.
All the patients should be treated in a stroke unit incorporating rehabilitation, with regular supervise about neurological status, vital functions and adequate ventilation 14 . The Brazilian Stroke Society proposed recently a classification of referral centers for diagnosis and treatment of acute stroke, including a multidisciplinary team qualified for care and management of high-complexity stroke patients 30 . Stroke unit care can act better than general ward in intervention and maintenance of physiological homeostasis, more attention to preventive measures, selective use of antipyretics, antibiotic medication and insulin, better training and greater dedication of professional staff, and emphasis on patient and family education and involvement in care 31 . Our study has the limitation of being in single-center in hospital-based study, wherever the patients with acute stroke included in the present study are not representative of the entire population. We didn't include data on some other variables that might have influence on the development of pneumonia, with pre-stroke antibiotic treatment, specific anti-inflammatory and/or immunomodulatory therapy before the index stroke. Furthermore, we didn't collected modifiable risk factors for pneumonia, e.g. subglotic aspiration, oral hygiene, raised head of bed and presence of dysphagia. Other limitations are related to a retrospective design of our study. Thus, we were not able to determine the precise date of the diagnosis of pneumonia, being possible that some assessments (e,g., time of mechanical ventilation) may have taken place before pneumonia and we could not provide data on positive cultures or timing of pneumonia after hospital admission by the lack of additional data from medical chart.
In conclusion, pneumonia was related to the severity and type of stroke and length of stay in hospital. The severity of the neurological deficit evaluated by the NIHSS was shown to be the only independent risk factor for pneumonia in acute stroke patients.
